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A STUDY  OF  A SMALL  SUCTION  GAS— PRODUCED . 

Introductory.—  The  work  herein  described  was  undertaken 
as  preparation  for  a careful  investigation  of  the  principles  of 
, operation  of  a suction  gas— producer . As  the  primary  object  of 
the  proposed  investigation  was  to  study  the  producer,  it  was 
considered  an  unnecessary  complication  to  run  tests  on  the  engine 
at  the  same  time,  if  a plan  somewhat  similar  to  that  followed 
in  boiler-trials  could  be  shown  to  be  applicable.  It  was  there- 
fore decided  to  install  a blower  to  secure  the  necessary  draft, 
and  discharge  the  gas  without  burning  it  in  the  engine,  gaging 
the  output  of  the  producer  by  measurements  of  the  volume  and 
calorific  value,  and  by  chemical  analysis  of  the  gas,  instead  of 
by  the  power  output  of  an  engine  or  engines  running  on  that  gas 
as  has  been  common  practice.  The  reasons  for  this  separation  of 
a producer— plant  into  two  parts  were  as  follows: 

(a)  Increased  convenience  and  simplicity. 

(b)  More  complete  control  over  all  conditions  of 

operation. 

(c)  Absence  of  trouble  and  delays  at  either  end  of 
the  test  due  to  irregular  performance  of  the  other  part  of  the 
plant . 

(d)  Probable  gain  in  accuracy  of  data  and  correct 
interpretations  of  results,  brought  about  by  narrowing  the  field 
of  study  and  decreasing  the  number  of  conditions  affecting  the 
performance  of  the  producer. 
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(e)  More  satisfactory  measure  of  producer  performance 
afforded  by  volume  and  heating  value  of  gas  delivered  than  by  the 
power  which  one  particular  engine  can  make  from  that  gas, 

consideration  of  cost,  convenience  in  working  up  data, 
etc.,  and  the  necessity  for  some  general  basis  of  comparison  made 
the  development  of  a standard  method  of  conducting  producer— trials 
an  imperative  first  step. 

General  Method.—  The  basic  idea  of  the  proposed  standard 
test  is,  briefly,  to  measure  the  energy  input  and  output,  determine 
the  true  rating  and  efficiency  and  distribution  of  the  losses, and 
make  such  auxiliary  observations  as  may  tend  to  throw  light  on  the 
conditions  of  most  economical  operation. 

Starting  and  Stopping  the  Test The  producer  should  be 
fired  and  run  for  a time  sufficient  to  bring  the  temperatures, 
pressures,  and  gas— quality  to  normal  running  condition.  The 
fire  should  be  well  cleaned  and  poked,  and  the  magazine  filled 
with  coal  about  five  minutes  before  the  time  it  is  desired  to 
start  the  run.  The  height  of  the  coal  in  the  producer  and  the 
density  or  ’'tightness"  of  the  fuel  bed  should  be  carefully  noted 
at  the  time  of  starting,  the  ash  pit  cleaned,  and  other 
observations  (temperatures,  pressures,  etc.;  taken  as  directed 
for  the  entire  test. 

At  the  end  of  the  test  the  fire  should  be  brought  back 
to  the  same  condition  as  at  the  start,  clean  and  well  opened  up, 
with  coal  at  the  same  level  in  the  magazine  and  the  ash-pit  empty. 
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Fuel  and  Ash.—  Coal  should  he  weighed  as  fired,  all  coal 
fired  after  filling  the  magazine  at  the  start  and  including  that 
required  to  fill  it  at  the  finish  being  considered  as  burned  in 
the  test.  Analyses  and  calorific  determinations  should  be  made 
the  same  as  for  a boiler  trial. 

Gas  Measurement The  satisfactory  measurement  of  large 
volumes  of  gas  is  a matter  of  considerable  difficulty,  Pecording 
meters  of  the  ordinary  type  large  enough  to  take  care  of  12'JOO  cu. 
ft.  per  hr.  are  cumbersome  and  expensive,  and  are  seldom  reliable 
over  any  considerable  range  of  temperature,  pressure,  or  discharge. 
Other  methods  which  are  advocated  by  well-known  authorities  are 
the  Pitot  tube  gage  and  orifices  of  various  kinds.  The  first  of 
these  is  supported  by  several  investigators,  but  its  use  for 
measurements  accurate  within  two  or  three  per  cent  involves 
careful  calibration  of  each  arrangement  of  gage  and  piping,  with 
little  prospect  of  determining  any  constant  or  regularly  variable 
coefficients  which  could  be  applied  to  more  than  one  particular 
case.  The  work  done  by  Mr.  P.  J.  Curley  at  McGill  University 
and  reported  in  a paper  presented  before  the  American  Society  of 
Mechanical  Engineers  in  Cecember,  1905,  entitled  "On  the 
Measurement  of  Air  Flowing  into  the  Atmosphere  through  Circular 
Orifices  in  Thin  Plates  and  Under  Small  Cifferenees  of  Pressure”, 
has  shown  that  plain  orifices  such  as  are  used  in  hydraulic 
measurements  can  be  used  with  a formula  analogous  to  the  hydraulic 
formula  Vs1  = 2gh,  with  a probable  error  of  not  more  than  one  per- 
cent for  heads  of  not  more  than  two  or  three  percent  Oj.  uhe  total 

absolute  pressure  on  the  orifice. 
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The  apparatus  used  in  the  tests  herein  reported  is 
believed  to  be  readily  adaptable  to  the  needs  of  any  producer 
that  it  may  be  desired  to  test.  it  consists  of  a cast-iron  box 
containing  a diaphragm  in  which  is  a standard  orifice,  and 
provided  with  suitable  means  for  determining  the  pressure  and 
/ temperature  of  the  gas  and  the  drop  in  pressure  through  the 
orifice,  as  shown  in  Pig.  1.  The  formulae  for  weight  and  volume 
of  gas  flowing  through  are  based  on  the  following  analysis. 

Let  w = velocity  of  flow  through  the  orifice  in  ft. 
per  sec. 

h = drop  in  head  (in  feet  of  the  fluid  flowing) 
through  the  orifice. 


Then 

w = cV2gh, (1) 

where  c is  a coefficient  taking  into  account  the  loss  due  to 
friction,  eddy  currents,  etc. 


But 


h = 


P,  - P2 


6 

P,  and  P2  being  the  absolute  pressures  above  and  below  the 
orifice  in  lb.  per  sq.  ft.,  andtfthe  weight  in  pounds  of  1 cu. 
ft.  of  gas. 

Then 


W Kg  (P,  - P,  7S  , (8) 

How  if  G = weight  of  gas  flowing  in.  lb.  per  sec.,  and  P = area 
of  orifice  in  sq.  ft., 

G = Pv  S 

- Fc  \/2g  (P,  - \ )S (3) 

= FO  V2g  (P,  - P2  ) A | . S' 


' 


where 


A = weight  of  1 cu.  ft.  of  gas  at  standard 
pressure  and  temperature. 

P = absolute  pressure  in  the  orifice. 

T = absolute  temperature'  in  the  orifice. 

Ps  and  Tg=  standard  pressure  and  temperature 
(absolute  scale). 


t 


Then  we  may  write 

G = k v/(py  - p ) - , 

2 T 


(4) 


in  which 

P's  absolute  pressure  in  inches  of  mercury. 

T = absolute  pressure  in  °F. 

p/  — p^  = pressure— drop  in  inches  of  water. 

k = Pc  v/2 g(  — m , m being  the  factor  needed  to 


convert  (P,  - P&)  to  (p,  - p^ . 


Prom  the  calibration  data  on  this  gaging-box,  the  value 
of  k appears  to  depend  on  the  absolute  pressure  p' , as  might 
reasonably  be  expected,  since  the  only  possible  variable  entering 
into  k is  o,  which,  as  in  hydraulic  measurements,  would  probably 
be  dependent  on  the  total  head  or  pressure.  The  apparatus  was 
calibrated  by  means  of  air  flowing  through  a system  of  piping, 
(Fig.  lj,  containing  it  and  terminating  in  a gaging  tank  and 
orifice  which  had  already  been  carefully  calibrated,  but  could 
not  be  used  for  these  measurements  owing  to  the  fact  that,  the 
gas  being  of  a poisonous  nature,  the  tank  would  have  had  to  be 
located  at  an  inconvenient  distance  from  the  producer.  Fig.  1 
shows  the  arrangement  and  indicates  the  readings  which  were  taken. 


and  Plate  I gives  the  results  of  the  calibration,  showing  the 
relation  of  the  coefficient  k to  the  absolute  pressure  on  the  orifice. 


*■ 


, K.' 

6 *-> 


4 


1 

<t  • 

KJ  <0  o 
M <Q 

too 
a: 

QQ 

<J 


K 

a: 

i 


<o 


0 


V> 

h 


*o 

►o 


V 

Q 

1 0 

w 

>C 

u 


I 

n 

y 

Q, 


o 

0 ^ 
<n  * 

>Q  »0 


,*~ 


k) 


■jig?  joj.  y jo  7>n/v/ 


V) 

fo 


n 


<v 

n 


<i> 

n 


n s 


K 


_J  »*) 

<0^ 


Water  Column 


7 


c 


6 

C 


CAUBRATlOn  OF  G/IG/rtG  ~ E>OX  ~ F\.F.I\. 


Assuming  now  that  c is  the  same  for  all  approximately 
perfect  gases,  it  is  evident  that  the  value  of  k is  proportional 
to  \/A  , A "being  the  density  of  the  given  gas  under  standard 
conditions . 

That  is,  if  values  of  k are  known  for  air,  the  value 
of  k for  any  other  gas  is  given  "by  the  relation 


or 

kg  = nka (5) 

where  n 

n 

subscripts  a and  g referring  to  air  and  gas  respectively. 

It  seems  likely  that  by  changing  the  proportions  of  the 
gage— box  to  eliminate  as  far  as  practicable  the  velocity  of 
approach  and  approximate  more  closely  the  condition  of  atmospheric 
discharge,  a more  uniform  variation  of  k would  be  secured,  and 
Durley's  and  similar  experiments  could  be  more  directly  applied; 
but  lack  of  sufficient  time  necessitated  the  postponement  of  such 
work  for  some  future  study. 

Analysis  and  Calorific  Value  of  Gas.—  The  gas  will  be 
analyzed  by  Hempel’s  method  of  volumetric  determination,  and  the 
heating  value  calculated  from  the  analysis,  a second  determination 
being  made  as  a check  by  means  of  a Junkers  Calorimeter. 

The  apparatus  and  connections  for  sampling  the  gas  are 
shown  in  Fig.  2,  the  gas  for  the  calorimeter  samples  being  drawn 
from  the  pipe  through  a similar  nozzle  (the  same  as  the  standard 
nozzle  for  steam  sampling).  The  pinch-cocks  c and  c"  are  so 


' ^ 


■ 


¥ 


adjusted  as  to  drain  the  bottle  in 
any  given  time  desired  and  thus  give 
a sample  covering  that  interval. 

Jacket— Water The  water  in 
the  jacket  should  he  kept  at  a 
constant  height  by  adjusting  the 
supply  so  as  to  maintain  a slight 
overflow,  and  the  net  weight  of  water 
determined  by  weighing  both  supply 
and  overflow.  A convenient  arrange- 
ment for  this  purpose  is  shown  in 
Fig.  3.  From  the  weight  of  water 
evaporated  and  the  weight  and 


humidity  of  the  air  drawn 
into  the  jacket,  the  percent- 
age of  moisture  in  the  blast 
as  supplied  to  the  fire  may  be 
readily  calculated. 

Scrubber— Water .-  The  most 
convenient  method  of  measuring 
the  water  used  in  cleaning  and 
cooling  the  gas  is  to  use  a 
meter  placed  in  the  supply 
pipe.  Since  the  scrubber- 
water  will  pass  continuously 
through  the  meter,  at  a velocity 
and  pressure  which  are 


nd.j. 
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practically  constant  for  any  one  test,  the  meter  may  he 
calibrated  and  corrections  made  with  little  difficulty  and 
considerable  exactness. 

Temperatures Temperatures  will  be  taken  at  various 
places  as  indicated  on  the  summary  of  results  of  the  trial. 
Ordinary  mercury  thermometers,  carefully  calibrated,  should  be 
used  except  for  the  high  fuel— bed  and  flue-temperatures,  where 
thermo-couples  will  be  necessary. 

Pressures.—  Since  all  the  pressures  are  small  they  will 
be  measured  by  means  of  manometers. 

Blowers Where  steam-pressure  is  available  a steam 
ejector  affords  very  satisfactory  means  of  securing  the  desired 
draft,  or  if  steam  at  a sufficient  pressure  is  not  to  be  obtained, 
a small  rotary  fan  may  be  used. 

Although  for  convenience,  the  aspirator  in  these  tests 
was  placed  between  the  producer  and  scrubber,  it  should,  of 
course,  regularly  be  located  beyond  the  scrubber  so  as  not  to 
introduce  the  uncertain  factor  of  the  quantity  and  heat  content 
of  the  steam,  which  would  vitiate,  or  at  the  best  complicate  very 
much,  any  data  on  the  quantitjr  of  water  used  or  heat  lost  in 
cleaning  the  gas.  If  a mechanical  blower  be  used,  its  position 
is  of  less  importance,  but  it  also  would  be  connected  beyond  the 
scrubber,  both  on  account  of  the  smaller  volume  of  the  gas  after 
cooling  and  the  consequent  reduces  size  requirements  of  the  fan, 
and  because  of  the  liability  of  the  moving  finished  parts  to 
injury  from  the  high  temperature  and  dust  contained  in  the  gas 
before  it  enters  the  scrubber. 
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Arrangement  of  Apparatus Fig.  4 shows 
diagraramat icallv  the  arrangement  of  the  apparatus.  The  producer 
is  of  the  standard  Otto  suction  type,  rated  at  6uHP,  the  only 
variation  from  the  standard  being  the  introduction  of  the  steam 
ejector  as  indicated.  Temperatures,  pressures,  and  gas-samples 
were  taken  at  places  shown. 

Calculations  and  Corrections .—  All  measuring  instruments 
used  in  the  four  tests  of  this  series  were  calibrated  and  the 
requisite  corrections  applied  to  their  readings. 

Calculation  of  gas— volume.—  From  the  formulae  4 and  5 
derived  under  ”Gas— Measurement " we  have 

Sg  - kg  /<P,“  p),  - ■ nka  y (P/  - Pi)  . 

T 1 


The  discharge  in  standard  cubic  feet  per  hour 


Then 


■ ^ <p,-*if 

g n g 

Aka  \ftv,  ~ P2).  J 


(6) 


Where  A = , and  may,  without  serious  error,  be  assumed 

• g 

constant  for  any  one  test,  while  ka  is  a coefficient  obtained 
from  the  calibration  of  the  gaging  box,  which  is  given  on  page  6. 
Thus  for  Reading  No.  10,  Test  No.  3; 

ka  ( corresponding  to  34.07  in.  of  mercury;  = .3458 
n (for  the  whole  test)  = .964 


A = 


3600n  _ 3600  x .964 
.0706 


= 49160 


“ g • U f Ub 

7g  » A Ka  /( P/  - p^)  |'=  49160  x .3458  J.  75  x 


= 3741  st'd  cu.  ft.  per  hr. 


. 


. 


' • 
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Calculation  of  heating  value  of  gas.-  Assume  the 
following  notation: 

In  a Junker's  Calorimeter, 

T„  = absolute  temperature  of  gas  in  meter,  °C. 

o 

Pr  = absolute  pressure  of  gas  in  meter,  inches  of 
^ mercury. 

t = difference  of  temperature  of  cooling  water 
at  entrance  and  exit,  °C. 

W = cooling  water,  liters. 

W = meter  reading,  cubic  feet. 

Ts,  P , Vs,  = corresponding  quantities  for  gas 
under  standard  conditions  (62°  P. , 

30  inches  mercury). 

H = heating  value  of  gas,  B.T.TJ  per  st'd  cu.  ft. 
H'  = heating  value  of  gas,  cal,  per  st;d  cu.  ft. 

3.968  = constant  to  change  from  calories  to  B.T.U. 

/ 

Wt 


Then 


K'  = 
H = 


Vs 

3.968  Wt 


But 


v = Is  Is  Ts 


*s  Tg 


. „ 3.960  Wt  PsTe 

• w 


We  may  write  for  this 


H = K- 


where 


Tg_t 

Y P 


3.968  W PR 

K Ti 
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Now  from  the  conditions  of  operating  the  calorimeter, 
W = 8 


and 

Therefore 

Therefore 


Ps  = 30,  Ts  « 289.65 


K = = 3.295 

289.65 


E 3.295  Tet 

7s  % 

For  Beading  No.  10,  Test  No.  3; 

u = 3.295  (289.65  + 27)  (23.52  - 18) 
1.61  (29.32  + 3 x .0736) 


= 115  B.T.U.  per  standard  cubic  foot. 

To  determine  the  heat  value  of  the  gas  from  its 
chemical  composition, -multiply  the  per  cent  by  volume  of  each 
combustible  gas  component  by  its  heating  value  in  B.T.U.  per 
st'd  cu.  ft.,  and  divide  the  sum  of  these  products  by  100. 
That  is 

’ tt  _ 1670  Op  Ea  + 342  00  f 346  Hs>  4 1070  C Ha 

100 

For  Beading  No.  10,  Test  No.  3; 

1670  + 342  x 19  + 346  x 14.1  + 1070  x 0 


E = 


100 


= 113.9  B.T.U.  per  st‘d  cu.  ft. 

Calculation  of  Density  of  Gas .—  The  density  of  the  gas 
is  calculated  from  its  analysis  by  means  of  the  principle  just 
used.  Methods  of  calculating  other  items  are  indicated  on  the 
summarized  sheet  of  test  results. 


100 

For  Test  No.  3 the  average  analysis  was 


Component 

G 02 

On  ^2n 

02 

0 0 

Eg  0 E4 

Ng 

Percent  by  volume 

9.45 

.116 

.85 

20.66 

10.436  .366 

58.135 

Density (St 1 d) 

1.52 

1.440 

1.105 

9.67 

.069  .553 

.97 

15 


9.45  x 1.52  + .116  x 1.44U  + .85  x 1.105 

= roc 

20.66  x .967  + .10.436  x .069 
100 

.366  x .553  + 58.135  x .97 

= — — = .928 

100 

General  Discussion  of  Tests.—  The  principal  value  of  the 
present  tests  lies  in  their  hearing  on  the  subject  of  methods  of 
testing  producers.  A review  of  the  logs  and  average  results, 
it  is  true,  leads  to  a few  general  conclusions  such  as  that 
uniformity  of  firing  is  of  the  first  importance  as  affecting 
the  quality  of  the  gas;  that  the  producer  should  be  opened  at 
top  or  bottom  as  seldom  as  it  is  consistent  with  the  necessity 
for  a clean,  open  fire;  that  the  amount  of  water  evaporated  in 
the  jacket  b^r  its  effect  on  the  moisture  of  the  blast,  affects 
the  hydrogen  content  of  the  gas  to  a considerable  extent;  that 
the  efficiency  of  combustion  is  increased  by  decreasing  the 
frequency  of  cleaning  the  grate  (although  if  there  were  some 
means  provided  for  grinding  down  the  ashes  uniformly,  without 
admitting  air  directly  under  the  grate,  this  might  not  be  true;. 
These  statements,  however,  are  pretty  generally  accepted,  and  the 
real  value  of  the  four  runs,  data  and  results  of  which  follow, 
lies  in  the  fact  that  they  have  shown  the  proposed  standard 
method  of  conducting  suction— producer  trials  to  be  readily 
applicable  to  ordinary  commercial  testing,  and  peculiarly 

advantageous  for  special  investigation  on  account  of  the  ease 
with  which  single  items  can  be  varied  without  affecting  the  other 
running  conditions. 


. 


* 
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Note.—  The  position  of  the  aspirator  made  it 
impracticable  to  obtain  any  check  on  the  heat  lost  in  the 
scrubber,  and  therefore,  as  very  little  time  was  available  all 
idea  of  making  even  a partial  heat— balance  for  these  tests 
was  abandoned,  although  in  ordinary  circumstances  the  heat 
balance  is  of  considerable  value  and  should  be  made. 

The  efficiencies  given  in  the  Results  Sheet  are  cold- 
gas  efficiencies.  The  hot— gas  efficiencies  were  not  determined 
because  the  sensible  heat  of  the  gas  is  lost  when  it  is  to  be 
used  in  an  engine,  and  the  hot— gas  efficiency  is  therefore  of 
secondary  importance  in  a test  of  this  nature.  Further,  the 
efficiencies  are  based  on  the  averages  of  the  calorimetric 
determinations  as  shown  on  the  logs  of  the  several  tests. 
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